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ABSTRACT

The rickettsia of Rocky Mountain spotted fever, Rickettsia rickettsii,
under certain conditions was more stable in partially purifisd suspensions
than in crude yolk-sac suspensions. To demonstrate the presence in yolk
sac of substances detrimental to infect!'vity, and te learn something of
their nature, yolk sacs of normal embryonated chicken eggs were fractionated
with 1lipid solvents. Fractions obtained were tested for their effect on
the infectivities of R. rickettsii and the viruses of eastern and Venezuelan

equine encephalitis (EEE and VEE).

The water-soluble fractlion of an acetonme extract contained substance:
that were inactivating to both ricketteial and viral infectivity, and the
vater-goluble fraction of an ethanol extract stabilized viral infectivity.
Thin-~layer chromatographic analyses indicated that the inactivating fractiom
containg, in addition to cholesterol, a mixture of bile acids, including
deoxycholate, that probably are responsible for the viral inactivation. The
inactivating effect was partially neutralized by 0.3% bovine serum albumin.
Thin-layer chromatography of the stabilizing fraction produced several
bands that fluoresced under ultraviolet light, The stabilizing and UV-
absorbing properties of this fraction were dialyzable. qQualitative tests
for protein and carbohydrate were nagstive for both the stabilizing and
inactivating fractions. Results of tests for purines and pyrimidines in
the stabilizing fraction are inconclusive. When the two fractions were
mixed and tested with partially purified VEE virus, each fraction modified
the effect of the other; rapid imactivation was prevented, but the inactivat-
ing fraction markedly reduced the effect of the stabilizing fraction.
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I. LU TRODUCTION

In an earlier report,1 we szhowed that the etiologic agent of Rocky
Mountain spotted fever, Rickettsia rickettsii, could be stabilized by
glucsmine more effectively in purified or partially purified suspensions
than in crude yolk-sac preparations. The addition of bovine serum albumin
or other serum proteins was required, together with glutamine, to overcome
the poor stability of the rickettsia in ,clk-sac suspensions. Our results
indicaced that yolk-sac material might contain a substance or substances
detrimental to rickertsial infectivity. An apparent specific requirement
for serum proteins in the stabilization of yolk-sac suspemsions of R,
rickettsii could be relared to a known interaction of serum albumins and
globulins with fatty acids, sterols, and phospholipids.a"

M e P T

To determine if inactivating substances could be separated from yolk
sac, yolk sacs of normal embryonated chicken egge were extracted with lipid
sclvents, and the fractions obtained were tested for their effect on R.
rickettsii and on eastern equine encephalitis (EEE) and Venezuelan equine
encephalitis (VEE) viruses. This report presents the results of these
tests.

Ii. MATERTAL AND METHODS

p
b £
.

Partially purified suspensions of R. rickettsii were prepared by
homogenizing infected yolk sacs in potassium phosphate buffer of pH 7.5
(K7.5) and epplying one cycle of low and high speed centrifugation to
sediment the rickettsiae, which were then resuspended in K7.5 buffer.
Suspensions.of FEE virus {Louisiana strain®) were prepared by subjecting
infectsed Maitland-type chick embryo culture fluids to one cycle of
differential centrifugation. Sediments from the high-speed centrifugation ;
were resuspended in phosphate buffer, pH 7.8. VEE virus (Trinidad strain®) ;
was used in theee tests as 1:100 dilutions of mouse brain suspensions.

To obtain the various fractions, yolk sacs of normal, 1l-day, embryonated
eggs were homogenized in a micrublender with 80% ethanol. Followin, low-
speed centrifugation, the alcoholic supernatant fluid was retained and the
sediment was extracted in a Soxhlet apparatus with either chloroform-methanol
(2:1) or acetome, The ethanol, chlo.oform-methanol, and acetone extracts
were evaporated to dryness (or to a thick syrup) by passing nitrogen over
the extracts held in & water bath of ap ropriate temperature. Residues
from the extract¢ were redissolved in chloroform; these solutions were
then vigorously shaken with water and centrifuged to obtain water-soluble
components of sach. The chloroform layers were again evaporated to dryness




under nitrogen and the residues were emulsified with Tween 80 solutiom
(0.5%) for testing purposes, as was the water wash ‘rom the chloroform-
mechanel evtracs,
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Samples of the various fractions were mixed with the viral or rickettsial
suspensions in rubber-stoppered glasec botties and held at 4 during the
test period. At indicated intervale, assays for infectivity were performed
in 7-day embryonated eggs for rickettsiae (yolk-sac route) and in l4-day

eggs for viruses (amniotic route).

kS

III. RESJLTS

AR St

In initial tests with R. rickettsii, Tween 80 was added to most of the
fractions teasted, and, because this emuisifying agent was itself inactivat-
ing to the rickettsiae, the effect of the fractions themselves was difficult
to assess. However, it appeared that ome fraction, the water wash of the
chloroform-methanol extract, caused a more rapid inactivation than that
produced by Tween 80 (Table 1). The fact that this fraction (sample 5 in
Table 1) contained less Tween 80 (0.,257) than samples 2, 3, and 4 (each
0.57) tends to increase the significance of the lower titers obtained with

this fraction.
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TABLE 1. EFFECT OF YOLX-SAC FRACT'ONS ON THE INFECTIVITY
OF RICKETTSIA RICKRETTSII

Infectivity, log, yolk-sac Lnalmlél

Sample Added to Days at & C
Number Rickettsfal Susgpension 1 2 3
Buffer (control) 6.5 6.3. 5.0
0.5% Tween 80 (control) 6.0 3.6 0
Water-insoluble fraction 6.3 4,2 3.6 .
of CzHq0H extract §
4 Water-insoluble fraction 6.2 5.0 4.4
of CHC13-CHyOH extract
5 Water-soluble fraction 5.1 0 0
of CHC13-CH30H extract
6 Water-soluble fractiom 6.6 6.1 4.9

of CoHsOH extract

4. Sterting titer: 1 x 1076 yolk-sac LDy, per ml.
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When the frarticas extracted from yolk sac were tested with partially
puritied EEE virus, the fraction that appeared inactivating to R. rickettsii
also caused a more rapid imactivation of the virug than did the Tween 80
control; in teste with this virus, a very definite stabilizing effect was
“toorred for the wator-cnluble fraction of the ethanol extract.

When these fractions were tested with a mouse brain suspension of VEE
virus (diluted 1:100), Tween 80 had essentially no effect on the virus, and,
therefore, the effect of the fractions could be seen more ciearly than in
the tests with R. rickettsii and EEE virus. Infectivity titers of the virus
samples after 4, 12, and 19 days at 4 C are presented in Table 2, Inactiva-
tion by the water-soluble fraction of the chloroform-methanol extract was
very apparent w.ch this type of virus suspension. Note the stabilizing
effect of the water~soluble fraction of the ethanol extract.

TABLE 2, EFFECT OF YOLK-SAC FRACTIONS ON THE INFECTIVITY
OF VEE VIRUS

Infectivity, log,, amniotic an/mlﬂj

Added to Days at 4 C
Virus Suspeasion 5 12 19
Buffer (control) 4.7 4.4 4.6
C.5% Tween 80 (control) 5.7 3.9 3.6
Water-scluble fraction 3.0 0 0

of C:Clq-CH30H extract

Water-soluble fraction 6.5 6.6 5.9
of C2H50H extract

e. Starting titer: 1 x 106.6 amiotic LD /ml.

The water wash of the chloroform-methanol extract was gel-like, and
Tween 80 had been used in mixing it with the viral and rickettaial samples.
To obtain a -leaner separation (i.e., to eliminate the gel-like character
of this water wash), acetone was employed instead of chloroform-methanol
for Soxhlet extraction of the resfdue fromw the ethanol extraction. The
aqueous fraction obtained from the acetone exftract, unlike that from the
chloroform-methanol extract, was relatively clear and was tested for
activity without the addition of Tween 80. That this fraction contained
inactivating compound(s) is indicated by the data in Table 3. These results

>




were obtained with samples composed of two parts of a 1:100 dilution of a
mouse brain suspension of VEE virus and one part of the aqueous wash.

TABLE 3. EFFECT OF WATER-SOLUBLE FRACTICN OF ACETONE
EXTRACT OF YOLK SAC ON VEE VIRUS

Infectivity log,, amniotic LD./ml

a/ Pays at 4 C
Preparation®™ 0 1 2 3
Virus + buffer 6.5 5.9 6.0 5.5
Virus + water-soluble 6.5 4.5 3.7 <2.5

fraction of acetomne
extract

a. Mouse brain suspension of VEF virus, diluted 1:100;
one volume of buffer or water-soluble fraction added
to two volumes of virus suspension.

Because bovine serum albumin was required for maximum stability of
B. rickettsii in yolk-sac suspensions in earlier experiments, we were
interested in determining whether the effect of the inactivating fractiom
of yolk sac could be modiffed by the addition of bovine albumin. A 1:100
dilution of a mouse brain suspension of VEE virus was mixed with either
the yclk-sac fraction (the water wash of the acetone extract) or an
appropriate volume of the fraction to which bovine gserum albumin had been
added so as to give a final concentration of 0.3%. D-~licate samples,
together with control samples, were placed at 4 C anu assayed for infec-
tivity aftex 1, 2, and 3 days. As shown in Table 4, the inactivating
effect of the yolk-sac fraction was not completely neutralized but was
decreased by bovine albumin. In addition to the reports of other workers®™*
on the tendency of serum proteins to complex with various lipids, we had
previously found® that the rapid inactivation of R. rickettsii by 20 ug
of sodium deoxycholate/ml could be prevented by 0.3% bovine albumin,
However, albumin at this concentration was not effective against 200 ug
of deaxyzholate/mi.
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TARLE 4., PROTECTIVE EFFECT OF BOVINE SERUM ALBUMIN (N THE
INACTIVATION OF VEE VIRUS BY YOLK-SAC EXTRACTZ

Infectivity, log,, amniotic LD,/m1b/
Days at 4 C

Preparation 1 2 3
Virus + buffer 6.1 5.8 4.7
Yirus 4+ water-soluble fraction 4.4 3.5 2.8

of acerome extract

Yirus + water-soluble fraction 5.1 4.4 4.1
and bovine albumin

a. Extract is the water-soluble fraction obtained from an acetone
extract of yolk sac.
b. Starting titer: 1 x 1068 amiotic LDgy/ml.

Examination ¢ the inactivating fracticn by thin-layer chromatography
revealed that this fraction contained s2veral substances (Fig. 1). This
chromatogram was obtained on a silica gel G plate by development with
butanol:acetic acid:water {10:1:1), followed by spraying with phospho-
molybdic acid. 7The most prominent band (6) is cholesterol. The spot to
the left of the numeral was given by a cholesterol standard, and th s
spot and the band were both purple. The rather faeint band 5 was the same
light blue a= the spor tc its right, but the spct was slightly lower.
This spot was given by & sodium deoxycholate standard.

Another thin-layer piate, with the inactivating fraction applied across
its entire widrth, was run {n parallel with the one shown in Figure 1.
Bands were lecated by spraying the edge of this plate, Bands 5 and 7 were
removed by scraping the silica gel from the plate, and the components were
recovered from the silizca gel by extraction with acetone. After evapora-
tion ¢f the acetome, the compounds were dissolved or suspended in phosphate
buffer. Components 5 and 7 were then tested for their effect on suspensions
of partially purified EEE virus., After 4 hours at 4 C, component 5 reduced
the titer 2.0 logo belcw the contiul titer, and after 24 hours, 4.0 log,,
or more. Component ] was somewhat less inactivating than component 5.

These results suggest that the inactivating fraction extracted from
yolk sac contains, {n addition to cholesterol, a mixture of bile acids,
including deoxycholate, that probably ave respensible for the viral
inactivation.
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Figure 1. Thin-Layer Chromatogram of the Inactivating Fraction
of Yolx Sac.
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investigztioas Into the nature of the inactivating fraction were sus-
pended at this poinc to assess the effectiveness of the stabilizing fraction
(i.e., the water-soluble fraction cf the ethanol extract) and to determine
some cf its ctharacteristics, Its stabilizing potential was tested with
partially purified VEE 3and EEE virusce Table 5 shows the results obtained
in one test with thig fraction. Partially purified EEE virus was employed,
and the storage temperature was 4 C, The titer was as high at 22 days as
at 7 days, and at a level of 1 x 10%-1 at 42 days.
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F 5. LEFFECT OF STABILIZING FRACTZON OF YOLK SAC
ON INFECTIVITY OF EEE VIRUS

Infectivity, log, ammiotic LD./ml

Days at & C
Freparation 0 7 16 2 42
Virus + buffer 8.3 4] - - -
/
Virus + fracsion 6% - 7.0 6.9 7.1 4.1

#. Stabilizing fractiem of yolk szc from 10-day eggs.

We were intereeted in determining whether the effect of the inactivating
fraction on viral infect vity would be modified by tne stabilizing fraction.
As shown in Table b, e2ach fraction apperently exerts en ~ffect upon the
other, rapid indctivation is prevented, but the inactivating fractiomn
markedly reduces the effcct of the stabilizing fraceion,

TABLE 6. LIMITED INTERACTION OF INATTIVATING AND STABILIZING
FRACTIONS F YOLK SAC: EFFECT ON VEE VIRUS INFECTIVITY

Infertivity, log  amnictic LD, /ml

Added to Dsvs at & C
Virus Suspeusim 1 b 13
Builer (control) 3.3 Q
Inactivating iraction 2.0 0
Stabilizing fractium 7.2 7.4 b.4
Ioactivating aad 6.3 4.6 o

stabfiliering fractions
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Chromatography of the stabilizing fraction on plates of silica gel G, ,%
using the system butanol:acetic acid:water (10:1:1) for development, pro- =
duced & number of bands that fluoresced under ultraviolet {Uv) light. {§
Figure 2 indicates the appearance of a chromatogram viewed under V. =
Material recovered from four of these bands (A, B, D, E) showed some £
stabilizing activity for EEE virus, with most of the activity present in ¢

band A (material that -emained at the origin). Although the UV absorp-
tion curves of these components showed differences when initially deter-
mined, all possessed essentially the same UV spectrum after being held

in solution (807 ethanol) for 2 months at 4 C, suggesting that a mixture
of related compounds had changed to the same end product or products.
Both the stabilizing activity and the UV-absorbing property of the intact
stabilizing fraction are dialyzable, but a relationship between these two
properties has not be .n es” :blished.

volhoL
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Qualitative tests for protein and carbohydrate were negative for both =
the stabilizing and inactivat.ng fractions. Colors obtained on spraying <
chromatograms of the inactivating fractior with phosphomolybdic acid were
suggestive of the presence of bile acids. Results of tests for purines
and pyrimidines in the stabilizing fraction are, at present, inconclusive.
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Bl 3
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At 3
Figure 2. Schematic Drawing of Thin-Layer Chromatogram of the
Stabilizing Praction of Yolk Sac. ‘
’
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" "*MBE Tickettsta of Rocky Mountain spotted fever, Rickettsia rickettsii, under cer-
tain conditions was more stable in partially purified suspensions than in crude yolk-
sac suspensions. To demonstrate the presence in yolk sac of substances detrimental to
infectivity, and to learn something of their nature, yolk sacs of normal er’ -vyonated
chicken eggs were fractionated with 1lipid solvents. Fractions obtained wer tested
for their effect on the infectivities of R. rickettsif and the viruses of eastern and
Venezuelan equine encephalitis (EEE and VEE).

The water-soluble fraction of an acetone extract contained substances that were
inactivating to both rickettsial and viral infectivity, and the wate:. soluble fraction
of an ethanol extract stabilized viral infectivity. Thin-layer chromatographic
analyses indicated that the inactivating fraction contains, in addition to cholesterol,
8 mixture of bile acids, imcluding deoxycholate, that probably are responsible for the
viral inactivation. The fnactivating effect was partially neutralized by 0.3% bovine
serum albumin., Thin-layer chromatography of the stabilizing fraction produced several
bands that fluoresced under ultraviolet light. The stabilizing and UV-absorbing
properties of this fraction were dialyzable. Qualitative tests for protein and carbo-
hydrate were negative for both the stabilizing and inactivating fractions. Results
of tests for purines and pyrimidines in the stabilizing fraction are inconclusive.
When the two fractions were mixed and tested with partially purified VEE virus, each
fraction modified the effect of the other; rapid inactivation was prevented, but the
inactivating fraction markedly reduced the effact of the stabilizing fraction.
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